Introduction
Deep convection has been known to be a primary mechanism of moving trace gas species from the boundary layer to the free troposphere [e.g., Dickerson et al., 1987; Chatfield and Crutzen, 1984] . Chemical consequences of the transport of boundary layer air to the upper and middle troposphere on the regional scale can be to attain ozone (Oa) concentrations greater than if the atmosphere were undisturbed by convection [Pickering et al., 1992b] . Recently, it has been hypothesized that deep convection can affect the odd hydrogen The study presented here quantitatively examines the redistribution of nonreactive, soluble species by deep convection. It is important to study systematically the effects of scavenging in an isolated manner so that coupled effects of scavenging, chemistry, and transport can be better understood in comprehensive models. This study is performed with three-dimensional simulations rather than twodimensional simulations that are then extrapolated in the third dimension. This is particularly important in that most convection is of a three-dimensional nature [Skamarock et al., 2000] , as is the storm simulated in this study.
A detailed description of how a soluble trace gas is scavenged by the liquid hydrometeors follows. In this description we explain the importance of the microphysical processes and outline the methodology used to determine the dissolved tracers' fate when the liquid hydrometeor is converted to the frozen phase. Results of the simulations are presented with a subsequent discussion.
Model Description

Model Initialization
The cloud model used for the simulations is the three- [Wicker and Skamarock, 1998 ] is used to advance the quantities in time. The ice microphysics parameterization is that described by Tao We calculate the amount of a chemical species that would transfer from the gas phase to the cloud and rain hydrometeors according to (6)-(9) during a single time step. We also calculate the amount of a chemical species that would reside in the liquid hydrometeors (cloud plus rain) under Henry's law equilibrium (equation (5)). If the amount under Henry's law equilibrium is less than the amount transferred by the mass transfer equations, then we simply partition the chemical species between the gas phase and liquid hydrometeors following Henry's law equilibrium. This generally occurs with scalars 3-10 (see Table 1 ) for the 6-s time step. Further partitioning is needed between the cloud water and rain, and this is accomplished by using the fraction of the sum of the cloud water and rain mixing ratios that occurs as cloud water. If Henry's law equilibrium cannot be applied, then (7)-(9) are used to determine the amounts of the chemical species in the gas phase, cloud water, and rain.
dimensional, fully compressible, nonhydrostatic Collaborative Model for Multiscale Atmospheric Simulation (COM-
MAS
Mass transfer between cloud hydrometeors.
Once a soluble tracer is dissolved into the cloud water and rain drops, it is subject to transfer through the microphysical processes that affect the parent hydrometeor. A similar approach was followed by Rutledge et al. [1986] . hydrometeor mass is converted to the gas phase. Sedimentation of the scalar in the rain, snow, or hail is determined by its mass flux through the model layer (equation (14)).
Results
Observations of the July 10, 1996, STERAO storm showed that the storm evolved from a multicellular convective system to a supercellular system. These observations [Dye et al., 2000] included satellite, radar, interferometer lightning data, and in situ chemistry and physics aircraft data of the inflow and anvil regions. Soluble tracers (e.g., HNO3, H202, CH20, and SO2) were measured in only the inflow region of this particular storm, and insoluble tracers (e.g., 03, NO, and CO) were measured in both the inflow and outflow regions. Thus for this storm we cannot compare our soluble tracer model results to observations. Some soluble tracers were measured in the outflow of the July 12, 1996, STERAO storm, and analysis of these measurements will occur in a future study.
The results of the storm structure and dynamics presented here are representative of the storm that was observed (as is described by Skamarock et al. [2000] ). Thus the evolution of the soluble tracers in this simulation of the July 10 STERAO convective system is likely representative of multicells and quasi-supercells, which are often observed in continental midlatitudes. However, it is difficult to generalize these results to other types of convection. Only after examining with observations and modeling studies the redistribution of soluble tracers in marine, tropical, and other continental convection can we begin to generalize our findings.
Hydrometeor Results
The storm structure, physics, and dynamics are described by Skamarock 20.
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•. 100. 1•0. We find that the average total mixing ratios in the outflow region of the storm show small differences between the soluble tracers and the passive tracer ( Figure 7 ) at both t = 3600 s and t = 9000 s. The anvil is the region that illustrates the greatest differences, but still there is < 5 % difference between the average mixing ratio of the soluble tracers and the passive tracer.
Soluble Tracers Retained in Ice Particles
The chemical distribution of El0, C15, and C18 at 1 hour into the simulation is illustrated in Figure 8 ,,,,,l,,,,11,,  ,1,,,,[, Further consideration needs to be given to microphysical parameterizations. Bulk water microphysics parameterizations that depict the ice phase are highly parameterized for processes such as the formation of graupel/hail from riming. Thus the results presented here may be sensitive to the partitioning between ice and liquid hydrometeors, as depicted by the assumptions in the microphysics parameterization.
As we recognize the potential importance of certain chemical species (e.g., methyl hydrogen peroxide, hydrogen peroxide, and acetone) in the upper troposphere and realize that convection and frontal lifting are the main pathways for transporting these species to the upper troposphere, it is clear that we need to understand the processes that affect key species when they are exposed to cloud systems. This study shows that entrapment of highly soluble species by ice hydrometeors increases the scavenging of that tracer. However, few field experiments have examined the importance of the ice phase on chemical species, even though it appears that this information is crucial.
Clouds can affect chemical species distributions by processes other than transport, dissolution, microphysics, and washout. Aqueous-phase chemistry, adsorption of species onto ice particles, reactions on ice, and modified photolysis rates should also be considered.
